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ABSTRACT 
The aim of this thesis is to quantify the intubation success rates and complication rates 
associated with GlideScope® video laryngoscopy in pediatric difficult airway patients. 
Difficult intubation is a major source of anesthesia-related morbidity and mortality in 
both adults and children (1–3).   A number of studies have demonstrated that video 
laryngoscopy has helped to address this problem in adults, producing high intubation 
success rates with minimal complications (4–6).  However, the literature on the use of 
videoscopes in children with difficult airways is sparse.  We therefore sought to examine 
success and complication rates with the GlideScope®, a common type of video 
laryngoscope.   
To do so, we examined patient data from the Pediatric Difficult Intubation Registry, a 
collection of information on difficult airway incidents at fourteen pediatric teaching 
hospitals in the United States.  From these data we calculated overall, first-pass, and 
rescue success rates on a per-attempt and per-patient basis, comparing them to success 
rates that resulted from using direct laryngoscopy.  We also examined success rates for 
 vi 
 
smaller groups of patients divided by Cormack-Lehane airway grade, weight, and muscle 
relaxant use.  Finally, we assessed complication rates for patients undergoing 
GlideScope® intubation attempts and direct laryngoscopy.   
The GlideScope® produced lower success rates in our sample than those documented in 
adult difficult airway patients.  This was particularly the case among smaller children and 
those with poor glottis visualization.  However, the GlideScope® was superior to direct 
laryngoscopy by all measures and in all patient subgroups.  We also found lower rates of 
hypoxemia and overall complications among patients receiving intubation attempts with 
only the GlideScope® versus only direct laryngoscopy.  We believe this result may be 
related to the greater number of intubation attempts among patients receiving direct 
laryngoscopy.   
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I.  INTRODUCTION 
Respiratory problems have historically been a major cause of complications in anesthesia, 
especially among pediatric patients (7-9).  Over time, with the implementation of new 
technologies and an increased focus on patient safety in the field, the occurrence of 
certain types of respiratory problems has declined dramatically (10).  Yet it appears that 
gains in combating morbidity and mortality from difficult airway management have been 
more modest (1,11).  
 
For example, a 2009 study found that difficulty with tracheal 
intubation, a relatively rare occurrence, was the primary factor in 13% of respiratory-
related anesthesia deaths (2).  Similarly, a 2005 closed claims analysis related to difficult 
airway management found that the phenomenon of multiple intubation attempts is 
strongly associated with increased patient mortality across all age groups (1,3).  
Simplifying difficult airway management in order to limit the number of attempts needed 
for successful intubation and reduce airway injuries could reduce complication rates, 
improving the care provided to many patients.   Such innovations have the potential to 
impact a number of different medical specialties.  For example, intubation is commonly 
used in the care of emergency department and critical care unit patients.  Because 
difficult airways are frequently encountered in these areas, they are often initially 
managed by providers with less airway management expertise, causing higher 
complication rates (12-14).   
One innovation that has been shown to improve intubation outcomes is the use of video 
laryngoscope devices (“videoscopes).  But the area in which videoscopes appear to be 
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most successful is in the treatment of adult patients (4–6,15).  The evidence on their 
successful application to pediatric patients is more limited and less impressive (16,17).    
A) Current Study 
The aim of this thesis is to quantify the intubation success rates and complications rates 
associated with one type of videoscope, the GlideScope®, in pediatric difficult airway 
patients.  We examine data from the Pediatric Difficult Intubation (“PeDI”) Registry, a 
collection of information on pediatric difficult airway incidents at fourteen pediatric 
teaching hospitals in the United States.   Using these data we assess results with the 
GlideScope® to determine whether, and if so, under what circumstances, it may be used 
to improve pediatric intubation success rates versus direct laryngoscopy.  We evaluate 
success rates for patients overall and for sub-groups that vary by airway visibility, 
patients’ weight, and use of muscle relaxant drugs.  Finally, we examine evidence from 
the PeDI Registry on the incidence of intubation complications associated with use of the 
GlideScope® versus direct laryngoscopy.   
The remainder of this introductory section describes the major types of intubation 
complications that arise when treating patients with difficult airways and the extent to 
which issues associated with difficult airways manifest differently in children than in 
adults.  It also summarizes the limited empirical evidence on the use of videoscopes in 
treating pediatric patients.  Section II describes the data examined and methods used in 
this study.  Section III presents study results, and Section IV discusses the implications of 
those results. 
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B) Intubation Complications Associated with Difficult Airways 
Airway difficulties are encountered in roughly 2% to 8% of all adult surgical patients 
(18,19).  The incidence of difficult tracheal intubation in pediatric patients is lower than in 
adults; and has been estimated to be between 1% and 2% of patients (20–22).  However, 
difficult intubation occurs more frequently in younger children, with an incidence 
approaching 5% among those less than one year old (21,23).  The prevalence of difficult 
laryngoscopy appears to follow a similar trend.  The incidence of pediatric patients with 
poor laryngoscopic views (Cormack and Lehane Grade views of III and IV. See 
Appendix A) has been estimated at between 1.35% and 3% (20,24).  The proportion of 
patients presenting with a poor laryngoscopic view is higher among younger patients, 
with the incidence of poor views approaching 5% among children less than one year of 
age (20,24).  Beyond age, difficult airway visualization and difficult intubation have been 
shown to be more common among children who are either underweight or obese, and 
among children with more severe systemic illnesses (20,25,26).
 
  
A number of congenital defects are also associated with difficult intubation and difficult 
direct laryngoscopy.  Some of the more common ones are Trisomy 21, Kippel-Feil 
syndrome, Treacher-Collins syndrome, the Pierre-Robin sequence and the 
mucopolysaccharidoses (27,28).  These disorders cause a variety of different physical 
abnormalities, such as an undersized mandible, decreased cervical spine mobility, 
tracheal stenosis, an enlarged tongue and thickening of airway soft tissues, complicating 
glottic visualization and impeding passage of an endotracheal tube.   
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The major mechanisms by which difficult tracheal intubations affect patient outcomes are 
pulmonary aspiration, hypoxemia, and airway trauma.  It is possible that some patients 
with difficult airways are pre-disposed to these airway management complications.  
However, complications may also stem from factors that come into play during difficult 
intubations, including more aggressive manipulation of the airway during intubation 
attempts, a greater requirement for mask ventilation during airway management, and 
prolonged intubation attempts.   
1. Aspiration 
Pulmonary aspiration of gastric contents is believed to occur in between 1/2000 and 
1/3000 general surgeries (29,30).  This condition can cause mechanical obstruction of the 
airway, immediate damage to pulmonary tissue from acidic stomach contents, bacterial 
pneumonia and acute respiratory distress syndrome (ARDS).  While the overall patient 
mortality rate for patients suffering an aspiration event is thought to be about 4%, nearly 
20% of these patients require continued intubation after surgery, and 30% require 
admission to an intensive care unit (29-31).   
Regurgitation of gastric contents into the upper airway generally occurs when intra-
gastric pressure increases above the level of pressure exerted by the lower esophageal 
sphincter (32–34).  Two factors make this process more likely to occur during the 
administration of anesthesia.  First, a number of medications commonly used in 
anesthesia are known to reduce lower esophageal tone (32,35,36).  Second, mask 
ventilation prior to or between intubation attempts can cause gastric inflation in a 
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significant portion of patients, thereby increasing intra-gastric pressure (37).  Several 
airway reflexes protect normal, healthy patients from aspirating food when swallowing, 
with glottis closure and anterior displacement of the larynx appearing to be the most 
important (38).  When a patient is rendered unconscious by anesthetics these reflexes 
disappear and regurgitated material may easily pass into the lungs.  Similarly, other 
material from the upper airway including blood, saliva and tissue may enter the lungs.   
Acidic gastric contents easily injure pulmonary tissue, producing an inflammatory 
response (aspiration pneumonitis).  The aspiration of more highly acidic gastric contents 
or solid matter has been shown to increase the amount of damage inflicted on the lung 
(39–41).  If the damage to epithelium and endothelium in the lung is sufficient, ARDS can 
result (42).  ARDS, which carries a high mortality rate, is characterized by increased 
pulmonary capillary vascular permeability, pulmonary edema and hypoxemia (43).   
Pneumonia caused by the aspiration of bacteria may also cause ARDS but is itself 
acknowledged to inflict significant morbidity.   
Aspiration during Difficult Tracheal Intubation 
There is a strong correlation between difficult tracheal intubation and a patient’s risk of 
aspiration.  For example, in the United Kingdom’s National Health Service aspiration is 
the most common cause of death in airway-related critical events (14).  It is therefore 
unsurprising that difficult tracheal intubation has been shown to significantly elevate the 
risk of aspiration.  In fact, Williamson et al. placed the risk of aspiration among patients 
experiencing difficult tracheal intubation at 8% (44).  This represents a 160-fold increase 
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over the estimated rates of aspiration in the general population (29).  Similarly, Mort 
found that the rate of aspiration among patients receiving more than two attempts at 
emergency intubation in an intensive care unit was sixteen times higher than that seen in 
patients receiving two or fewer attempts (45).
 
 This is unsurprising given that a patient 
receiving multiple intubation attempts will require additional mask ventilation, increasing 
the chance for gastric inflation to occur.   
Aspiration in Children 
The incidence of aspiration among children during general anesthesia is less well 
understood, but existing studies suggest that it occurs at almost twice the rate seen in 
adults (46,47).  This result may be partially explained by a greater number of “silent 
aspirations” that occur during the maintenance phase of anesthesia, unrelated to initial 
intubation difficulties (47).  However, it may also be explained by the fact that pediatric 
airways are smaller, which may make them more susceptible to airway trauma during 
intubation, leading to the aspiration of blood.   
One finding specific to children is that they generally have more acidic gastric contents 
than adults, so that a single aspiration incident may inflict greater damage on pulmonary 
tissue (48).
  
 Another finding of interest is that the most common species of aspirated 
bacteria in children are residents of the oropharynx and upper respiratory tract, which 
may indicate that the aspiration of saliva and blood from the airway contribute 
significantly to the development of ARDS in children (49).  Like the adult form, the 
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pediatric version of this syndrome is difficult to treat and carries a high mortality rate (50–
52).   
2. Hypoxemia 
Hypoxemia, an oxygen deficiency in arterial blood, results in tissue hypoxia that can lead 
to impairment of cellular function and eventually cell death.  Different tissues have 
variable resistances to hypoxia, with the brain being the most vulnerable.  While the heart 
is relatively resistant, its functioning also can be significantly impaired under hypoxic 
conditions, creating a potentially life-threatening situation.   
Existing studies indicate a non-trivial incidence of hypoxemia during anesthesia in the 
general population.  For example, one retrospective study found that 6.8% of adult 
patients suffered a hypoxemic episode lasting at least two minutes during the 
perioperative period (53).  Of particular concern is the fact that 56% of these hypoxemic 
patients had SpO2 values below 85% for the entire time period.  Furthermore, a 1994 
study found that 20% of patients undergoing general anesthesia demonstrated SpO2 
values below 81% at least once during induction (54).  While most instances of 
hypoxemia documented in these studies were transient, a large intra-operative oxygen 
debt can foretell post-operative organ failure and death (55,56).   
Hypoxemia during Difficult Tracheal Intubation 
Previous studies have demonstrated an association between difficult tracheal intubation 
and the occurrence of hypoxemia during airway management.   For example, the Mort 
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study mentioned above found a six-fold increase in the number of patients suffering 
hypoxemic episodes if more than two tracheal intubation attempts were made (45). This is 
unsurprising because multiple interruptions in mask ventilation are required during 
repeated intubation attempts.  Each of these interruptions provides an opportunity for 
hypoxemia to occur and to produce tissue hypoxia that negatively affects morbidity and 
mortality outcomes.    
Hypoxemia in Children 
It has traditionally been believed that reduced cerebral energy demands may protect 
children from hypoxic brain injuries. However, substantial evidence indicates that even 
intermittent episodes of hypoxia can negatively impact cognition, development and 
behavior (57).  One possible explanation for this is that even relatively small hypoxic 
injuries can disrupt normal brain development, leading to serious consequences as the 
brain matures (58–60).  Like aspiration, hypoxemic episodes during anesthesia likely occur 
more frequently in children than in adults.  It is well documented that children’s higher 
metabolic rate causes them to develop hypoxemia more rapidly during periods of 
hypoventilation or apnea in an age dependent manner (61-63).  This physiological 
difference may be a major contributor to increased rates of perioperative hypoxemia 
observed in several studies of younger patients (64,65).  
It also appears that processes related to hypoxemia differ between adult and pediatric 
patients in other notable ways.  First, because of a lower functional residual capacity and 
higher basal metabolic rate, children undergo desaturation more quickly than adults (66-
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68).  Therefore, prolonged intubation attempts will more readily cause hypoxemia (61–63).  
Most healthy infants and toddlers desaturate to a SpO2 of 90% in less than two minutes 
despite pre-oxygenation (63). However, the time to intubation using direct laryngoscopy 
in children with normal airways has been documented as roughly 25 seconds (69,70).  Not 
only is this time frame necessarily shorter than the time to ventilation, but it does not 
include the time required to confirm correct endotracheal tube placement.  Adding this 
consideration implies that a relatively small safety margin exists during intubation 
attempts before hypoxemia develops.  Children with difficult airways also tend to have 
more severe illnesses than the general pediatric surgical population, potentially making 
them desaturate more rapidly and also increasing their risk of significant injury from 
hypoxemia (13).   
3. Airway Trauma 
Airway trauma related to airway management spans a broad spectrum of severity, from 
minor insults to injuries that carry high mortality rates.  Oral trauma and dental injuries, 
which are seen frequently in patients undergoing general anesthesia, are generally minor.  
For example, 5-7% of patients in the general population will suffer some oral trauma, but 
only 0.02% of patients will require treatment for it (71,72).   
At the other end of the spectrum are airway injuries that can have dire consequences.  For 
example, although they are a relatively rare consequence of endotracheal intubation, 
pharyngoesopageal perforations permit the leakage of gastric contents and saliva into the 
mediastinum.  The resulting infection may cause mediastinitis, which interferes with 
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normal physiology by compressing the vital structures located in that area.  An immune 
response to the infection may trigger sepsis.   
Tracheobronchial rupture is another example of a rare but severe airway injury.   By 
allowing leakage of air into the mediastinum, peritoneum and retroperitoneum, such a 
rupture can cause compression of the airways, great vessels, and heart, thereby leading to 
insufficient gas exchange and reduced cardiac output.  Some studies have found mortality 
rates between 15% and 40% among adults with this condition (73-76).   
Airway Trauma during Difficult Tracheal Intubation 
Difficulties with endotracheal intubation are suspected to be a major cause of anesthesia-
related airway injuries in the general population.  In fact, difficult intubation has been 
found to be a contributing factor in roughly 40% of settled legal claims related to airway 
trauma (77,78).  This association has been confirmed separately in a prospective study of 
patients undergoing major surgeries (79).  An especially concerning aspect of this pattern 
is that the types of airway injuries inflicted during difficult airway scenarios seem to be 
relatively severe.  For example, pharyngoesophageal perforations seem to occur at a far 
higher rate when difficulties with airway management are encountered (78,80-82).
 
  
Airway Trauma in Children 
To date empirical evidence concerning the incidence of airway trauma among pediatric 
patients with difficult airways is more limited.  Nevertheless, this clearly is an area with 
potentially severe health outcomes.  For example, one study has shown that the mortality 
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rate among children experiencing sepsis has historically been as high as 20% despite 
aggressive treatment (83)
.
  While there is some evidence that this mortality rate is 
declining with improved management strategies, affected patients still generally 
experience long hospital stays (83–85). 
C) Evidence on the Use of Video Laryngoscope Devices in Pediatric Patients 
Since the GlideScope® first became commercially available in 2001, video laryngoscopy 
has been widely adopted to aid in the management of both adult and pediatric difficult 
airways.  However, while video laryngoscopy has demonstrated several advantages over 
traditional direct laryngoscopy in adults, its utility in pediatric patients has not been 
thoroughly examined.   
Many different video laryngoscope models exist, but all employ a similar concept: a 
camera placed at the tip of a traditionally-shaped laryngoscope transmits footage of an 
intubation attempt to a screen viewable by the provider.  During direct laryngoscopy, 
successful visualization of the glottic opening requires alignment of the oral, tracheal and 
pharyngeal axes.  By employing cameras, video laryngoscopes allow the provider to see 
around the normal airway curvature, negating the need to completely align these axes.  
Magnification of airway structures on video screens can also assist the provider in 
identifying important anatomical landmarks during difficult airway visualization.   
In adult patients, video laryngoscopy has repeatedly been shown to be superior to direct 
laryngoscopy in achieving the intubation of difficult airways.  Studies in both live 
patients and simulators have found video laryngoscopes to consistently improve the 
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degree of glottic exposure and reduce Cormack-Lehane airway grades during intubation 
attempts (5,6,15,86–88).   The improved views offered by these devices translate into 
improved intubation performance across several metrics.  For instance, in the general 
population, first-pass success rates as high as 92% have been reported for difficult airway 
situations (4,5).  Additionally, in adults video laryngoscopy has repeatedly demonstrated 
96-100% success rates when used as a primary approach to difficult airways (4,6,89).  It is 
similarly successful as a rescue technique, producing a success rate of 94-95% after 
initial intubation attempts with direct laryngoscopy have failed (4,90).  Importantly, these 
benefits appear also to be present during difficult airway situations in emergency 
departments and in critical care units (86,87).   
While videoscopes have been shown to improve laryngoscopic views in pediatric patients 
with both routine and difficult airways, these improved views do not guarantee successful 
intubation (69,70,91).  Previous work in adults has shown that good airway visualization is 
present in many unsuccessful intubation attempts with these devices (92,93).  Furthermore, 
simulator studies of pediatric difficult airways have not definitively shown video 
laryngoscopy to perform better than direct laryngoscopy (16,17).  Finally, studies have yet 
to address the question of complication rates occurring with the use of videoscopes in 
children.   
Although complication rates among adult patients intubated with direct laryngoscopy and 
those intubated with video laryngoscopy are considered to be roughly equivalent, studies 
have repeatedly made two observations that may lead to relevant clinical differences in 
 13 
 
children (94,95).  First, there have been multiple case reports of pharyngeal injury 
following video laryngoscope use in adults (96–100).  Some have speculated that these 
injuries are due to blind spots on the video monitor (100,101).  In children’s smaller 
airways these blind-spots may be more significant, leading to higher rates of airway 
trauma in pediatrics.  Second, in both adults and children video laryngoscopes generally 
require longer duration intubation attempts than do manual laryngoscopes, a factor that 
has been associated with higher rates of hypoxemia in some trauma patients 
(5,6,69,70,88,102).  While increased rates of hypoxemia with video laryngoscopy have not 
been observed in the adult population, children’s faster rate of oxygen desaturation may 
make them more apt to become hypoxemic during longer intubation attempts (94,95).  
II. DATA AND METHODS 
A) The Pediatric Difficult Airway Registry 
The Pediatric Difficult Airway (“PeDI”) Registry, created in 2012, is an ongoing 
collaboration between fourteen U.S. hospitals seeking to improve the care of pediatric 
patients with difficult airways.  Anesthesia staff members at participating hospitals are 
invited to submit information about specific experiences with difficult airways patients 
using a standardized form.  The information submitted is added to the PeDI Registry if it 
includes at least one of the following criteria:  
1. Direct laryngoscopy by an experienced provider indicates poor airway 
visualization (producing a Cormack-Lehane Grade 3 or 4 view); 
2. Restricted mouth opening or facial abnormality makes direct laryngoscopy 
impossible; 
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3. Failure of direct laryngoscopy within last six months; or 
4. Direct laryngoscopy is feasible but potentially harmful to the patient. 
Children’s Hospital of Philadelphia manages the resulting database.    
Early data from the PeDI Registry appeared to indicate that, despite the improved glottic 
view videoscopes provide, first pass success rates using video laryngoscopy in pediatric 
patients with difficult airways are substantially below those documented in adults.  This 
finding led us to wonder whether similar results would be seen in a more detailed 
assessment of the larger group of patients now present in the Registry.  We were also 
interested to learn whether intubation success rates with video laryngoscopy vary with 
children’s weight, and whether the incidence of complications related to intubation 
differs between patients undergoing video laryngoscopy versus direct laryngoscopy.   
B) Experimental Approach 
To examine these questions, we conducted a retrospective study of all data available from 
the PeDI Registry as of November 10, 2014.  After downloading patient information 
from the Registry, we conducted multiple data queries to quantify both intubation success 
rates, and the incidence of complications associated with intubation using video 
laryngoscopy versus direct laryngoscopy.  We computed these measures for the overall 
population as well as analyzed the effect of laryngoscopic view, patient weight, and 
muscle relaxant administration on intubation success.    
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1. Subject Characteristics 
The data available to us from the PeDI Registry included 897 patients.  The criteria that 
resulted in them being included in the Registry are listed below. As shown in Table 1, 
poor airway visualization was the most frequently recorded inclusion criteria, being listed 
as the sole criteria for 45% of patients.  While multiple inclusion criteria were listed for 
eight percent of patients, inclusion criteria were missing for 2 percent of patients.   
Table 1.   Frequency of Inclusion Criteria Reported in PeDI Registry 
Proportion of all 897 PeDI Registry patients for whom inclusion criteria 
were specified either alone, in combination with other criteria, or not at all.  
            
  Poor airway visualization 
 
44.6%   
  Restricted mouth opening or facial abnormality 
 
15.5%   
  Direct laryngoscopy failure in past 6 months 
 
9.1%   
  Direct laryngoscopy potentially harmful 
 
20.5%   
  Two or more of preceding criteria 
 
8.2%   
  No criteria given 
 
2.1%   
  
   
100.0%   
            
 
2. Device Utilization 
A total of 2,475 intubation attempts were recorded for the 897 patients captured in the 
PeDI Registry.  As shown below, these attempts were made using direct laryngoscopy, 
some form of video laryngoscopy, and multiple other intubation methods.    
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Table 2.  Intubation Devices Used for PeDI Registry Patients 
Proportion of intubation attempts made with various devices. 
Includes 2475 total attempts across the Registry’s 897 patients. 
            
  Direct Laryngoscopy 
 
36.5%   
  Video Laryngoscopy 
  
  
  
 
GlideScope® Devices 
 
24.3%   
  
 
Other Video Devices 
 
2.4%   
  Other Intubation Techniques 
 
36.8%   
  
   
100.0%   
            
 
Because the purpose of the current study was to evaluate the overall effectiveness of 
video laryngoscopy and how it compares to direct laryngoscopy, patients for whom 
intubation attempts were made solely using other intubation methods were excluded from 
our study sample.  Moreover, since the vast majority of video laryngoscopy intubation 
attempts were made using various GlideScope® devices as opposed to other video 
laryngoscopes, we further limited the study sample to patients for whom at least one 
intubation attempt was made using either a GlideScope® device or direct laryngoscopy.  
The resulting study sample included 580 patients.   
The age of patients studied here ranged from newborn to 26 years, with a mean age of 6.3 
years and a median age of 5.4 years.   Their age distribution is shown below.   
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Table 3.  Age Distribution of Patients Included in Current Study 
Includes the 580 PeDI Registry patients for whom at least one intubation 
attempt was made using either the GlideScope® or direct laryngoscopy. 
            
  Under 1 month (neonatal) 
 
5.4%   
  1 month to 1 year (infant) 
 
27.9%   
  1-2 years (toddler) 
 
10.9%   
  2-5 years (early childhood) 
 
12.6%   
  6-11 years (middle childhood) 
 
17.5%   
  12 years+ (adolescence) 
 
25.7%   
  
   
100.0%   
            
 
Patients studied here ranged in weight from 0.8 Kg to 115 Kg, and had a mean weight of 
22.6 Kg.  Two patients in our study group did not have a non-zero weight entered and 
were therefore excluded from all weight-related analyses.   As shown in Table 4, there 
was a roughly equal distribution of patients across the three weight categories we initially 
chose as sub-populations to be examined: patients under 10Kg; patients between 10Kg 
and 30Kg; and patients over 30Kg. 
Table 4.  Weight Distribution of Patients Included in Current Study 
Includes the 580 PeDI Registry patients for whom at least one intubation 
attempt was made using either the GlideScope® or direct laryngoscopy. 
            
  Under 10Kg 
 
39.6%   
  10 Kg to 30 Kg 
 
31.5%   
  Over 30 Kg 
 
28.9%   
  
   
100.0%   
            
 
The majority of patients in our sample had significant pre-existing illness prior to any 
intubation attempts. One measure of pre-existing conditions was provided by the patients’ 
 18 
 
ratings on the American Society of Anesthesiologists (“ASA”) continuum, a scale that 
measures a patient’s health preceding anesthesia (See Appendix B for a description of 
ASA classifications).  As shown in Table 5, 74% of patients had an ASA physical 
classification of Class 3 or worse.    
Table 5: ASA Physical Status of Patients Included in Current Study 
Includes the 580 PeDI Registry patients for whom at least one intubation attempt was 
made using either the GlideScope® or direct laryngoscopy. 
              
  1 : Normal, healthy patient 
 
3.1%   
  1E : (Emergent) 
 
0.2%   
  2 : Mild systemic disease 
 
18.3%   
  2E : (Emergent) 
 
0.9%   
  3 : Severe systemic disease 
 
61.2%   
  3E : (Emergent) 
 
2.2%   
  4 : Severe systemic disease that is a constant threat to life 
 
9.0%   
  4E : (Emergent) 
 
1.4%   
  
  
No Criteria Given 
 
3.7%   
  
    
100.0%   
              
 
3. Quantifying Success Rates 
To compare the performance of the GlideScope® versus direct laryngoscopy, we asked 
three questions and used the measures in Table 6 to answer them. 
1. How successful was each method overall? 
2. How successful was each method on initial intubation attempts? 
3. How successful was each method following failure with a different device? 
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Table 6: Intubation Success Rate Measures Used in Current Study 
      
Overall Success Rate = (# of Successful Intubations with Device /                             
# of Intubation Attempts Using Device) x 100% 
First-Pass Success Rate = (# of Successful First Intubation Attempts with Device /                             
# of First Intubation Attempts with Device) x 100% 
Rescue Success Rate = (# of Successful Intubations with Device after Failure of 
Another Device / # of Intubation Attempts with Device 
after Failure of Another Device) x 100% 
 
4. Sub-Populations Analyzed 
In addition to the overall patient population, we evaluated success rates in sub-groups that 
varied by airway visibility, patients’ weight, and whether patients received muscle 
relaxant drugs.    
5. Documenting the Incidence of Complications 
Patient entries in the PeDI registry include information on the occurrence of 16 different 
complications.  The fact that many patients in the sample received intubation attempts 
with multiple different devices confounds any assessment of the impact of direct 
laryngoscopy or GlideScope® use on these complications.  We therefore elected to 
quantify complication rates associated with each technique using three different 
measures:   
1. A method’s complication rate when it was the sole method used;   
2. A method’s complication rate when it was successful; and 
3. A method’s complication rate when it was unsuccessful. 
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Unfortunately, a limited number of results prevented us from applying these measures to 
all patient subsets.  Methods for calculating complication rates are shown in Table 7.    
Table 7: Complication Rate Measures Used in Current Study 
          
  Measure 1 = 
(# of Occurrences of Given Complication / # of Patients Receiving 
Intubation Attempts Only with Given Technique) x 100% 
  
  Measure 2 = 
(# of Occurrences of Given Complication / # of Patients in Whom 
Given Technique was Successful) x 100% 
  
  Measure 3 = 
(# of Occurrences of Given Complication / # of Patients in Whom 
Given Technique was Unsuccessful) x 100% 
  
          
 
6. Statistical Methods 
Our results include intubation success rates and complication rates for the GlideScope® 
and direct laryngoscopy, both overall as well as under certain specific circumstances and 
for certain patient subpopulations.  In evaluating these results we make a number of pair-
wise comparisons of various intubation success rates (e.g. the first-pass success rate using 
the GlideScope® versus direct laryngoscopy) and intubation complication rates (e.g. the 
overall complication rate using solely the GlideScope® versus solely direct 
laryngoscopy).   We test the statistical significance of these pair-wise comparisons using 
the concept of relative risk, that is, the ratio of the respective success rates or 
complication rates.  Relative risk ranges from 0 to infinity; and a value of 1 is considered 
a null or no-effect value (103).   Where the 95% confidence interval surrounding this 
relative risk measure does not include the value of 1, there is sufficient evidence to 
conclude that the two groups being compared are statistically significantly different. 
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III. RESULTS 
A) Overall Success Rates 
Table 8 shows overall intubation success rates in our study sample.  As indicated, a total 
of 903 intubation attempts were made with the base case method of direct laryngoscopy 
(“DL”), of which 103, or 11.4%, were successful.  GlideScope® (“GS”) intubation was 
attempted 600 times, of which 293 attempts, or 49.8%, were successful.  Measured across 
these total attempts, the GlideScope® was 4.3 times more successful than direct 
laryngoscopy (RR: 4.28, 3.80-4.83, p<0.0001).  
Table 8. Overall Intubation Success Rates 
Results shown for Total Attempts include all attempts made on the 580 patients in the Current 
Study.  Results shown by Patient are for three subsets of those 580 patients: those in whom the 
device was used at least once; those in whom the device was used for the first intubation attempt; 
and those in whom the device was the only intubation method used.  In the first Patient subset 
some Direct Laryngoscopy patients are also counted as GlideScope® patients, whereas in the 
second and third Patient subsets the two groups are mutually exclusive. Success Rate Ratio 
equals the ratio of the GlideScope® Success Rate to the Direct Laryngoscopy Success Rate.    
              
  
 
Total Patients in Whom Device Was Used:   
  
 
Attempts ≥ 1 Time on 1st Attempt Exclusively   
Direct Laryngoscopy (DL) 
    
  
  Sample size 903 410 388 98   
  Successes 103 103 95 80   
  Success Rate 11.4% 25.1% 24.5% 81.6%   
GlideScope® (GS) 
  
  
  
  Sample size 600 377 152 128   
  Successes 293 293 127 126   
  Success Rate 48.8% 77.7% 83.6% 98.4%   
  
     
  
Total Attempts or Patients 1503 787 540 226   
  
     
  
Success Rate Ratio, GS/DL 4.3 3.1 3.4 1.2   
              
 
 22 
 
Direct laryngoscopy was attempted at least once in 410 of our patients, and it was 
ultimately successful in 25% of these.  For 95% (388/410) of the patients in which it was 
attempted, DL was the first airway management technique attempted.  And in roughly 
one-fourth of patients in which it was attempted (98/410) it was the only intubation 
method used.  Not surprisingly, its success rate was highest (82%) among patients for 
whom it was the exclusive technique, presumably because it proved successful for the 
majority of these patients, and recourse to another method was not required.   
GlideScope® intubation was attempted at least once in 377 patients, and it was ultimately 
successful in 78% of these.  It was the intubation method of first resort for 40% of those 
in which it was tried (152/377); and it was the only intubation method used for 34% 
(128/377).  Like direct laryngoscopy, its success rate was highest (98%) where it was the 
exclusive method used. 
Deciding on a meaningful per-patient measure to evaluate success rates is challenging, 
given that difficult airway patients often undergo multiple intubation attempts, and that 
sequential attempts are frequently made with different devices.  The three classifications 
of patient groups shown in Table 8 each include somewhat different information.  The 
first category – “patients in whom a device was used more than once” – counts DL and 
GS successes accurately, but of necessity includes a patient who received both DL and 
GS attempts in the sample size for both categories.  This produces an overlap between the 
two samples that precludes statistical comparisons between them.   The third category 
will tend to be biased toward successful intubation attempts. Thus, in assessing overall 
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success rates below, we generally examine the second category – patients in whom the 
device was used as a primary technique.   
Overall, GS proved to be four times more successful than DL when measured by number 
of attempts (RR: 4.28, 3.50-5.23, p<0.0001), and three times as successful when 
measured on a per-patient basis (RR: 3.41, 2.82-4.12, p<0.0001)   Nevertheless, the 
overall GS per-patient success rate in our sample was approximately 20% lower than the 
97% first-pass success rates previously documented for GlideScope® use in adult 
difficult airways (4).   
1. Glottic View and Overall Success Rates 
Given that only 11, or 3%, of the direct laryngoscopy patients in our sample had a good 
glottic view (a Cormack-Lehane view of IIa or better), we were unable to draw 
conclusions about the impact of a glottic view on intubation success for this population.   
The data for GS intubations were richer, including a larger sample of patients with and 
without good glottic views. As shown in Table 9, a Cormack-Lehane grade of IIa or 
better was recorded in 123 GS patients, or 82% of those for whom glottic view was 
reported.  Where a good glottic view was achieved, the per-patient success rate was 91%, 
versus 56% otherwise (RR: 1.64, 1.16-2.31, p<0.005).  A grade of IIa or better was 
associated with 389 GlideScope® intubation attempts, or 70% of all GS attempts with 
reported glottic views.  Where favorable visualization of the glottis was achieved, the 
GlideScope® per-attempt success rate was 59% versus 23% otherwise (RR: 2.61, 2.22-
3.07, p<0.0001).    
 24 
 
Table 9. Overall Intubation Success Rates by Laryngoscopic View 
Direct Laryngoscopy and GlideScope® groups are mutually exclusive, each consisting of those 
patients for whom the method was used on the first intubation attempt. Results are shown for all 
such Patients/Attempts where laryngoscopic view was reported.  Good views are defined as 
those with Cormack-Lehane scores of I or IIa; and Poor views as those with a score of IIb, III, or 
IV. Success Rate Ratio equals the ratio of the GlideScope® Success Rate to the Direct 
Laryngoscopy Success Rate.    
                  
  
 
Patients, by View * 
 
Attempts, by View ** 
  
 
Good 
 
Poor 
 
Good 
 
Poor 
Direct Laryngoscopy (DL) 
      
  
  Sample size 11 
 
344 
 
21 
 
806 
  Successes 3 
 
92 
 
4 
 
88 
  Success Rate 27.3% 
 
26.7% 
 
19.0% 
 
10.9% 
GlideScope® (GS) 
      
  
  Sample size 123 
 
27 
 
389 
 
167 
  Successes 112 
 
15 
 
231 
 
38 
  Success Rate 91.1% 
 
55.6% 
 
59.4% 
 
22.8% 
  
       
  
Success Rate Ratio, GS/DL 3.3 
 
2.1 
 
3.1 
 
2.1 
  
       
  
* Includes patients in whom device was used as the primary intubation method, 
 
  
  excluding 33 DL patients and 2 GS patients for whom view was not reported. 
 
  
** Excludes 76 DL attempts and 44 GS attempts for which view was not reported. 
 
  
                 
 
Regardless of the quality of glottic view, GlideScope® success rates were consistently at 
least as twice as high as those for direct laryngoscopy. 
2. Patient Weight and Overall Success Rates 
Table 10 shows overall success rates for both direct laryngoscopy and GlideScope® 
intubation attempts, disaggregated by our three weight classes: <10Kg, 10Kg-30Kg, and 
>30Kg.  Per-patient DL success rates, which ranged from 21% to 29% across the three 
weight categories, were statistically indistinguishable.  The same was true for per-attempt 
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DL success rates, which ranged from 10% to 12.5%.  Thus, for direct laryngoscopy, 
patient weight did not appear to matter.   
Table 10.  Overall Intubation Success Rates by Patient Weight, Three Categories 
Direct Laryngoscopy and GlideScope® groups are mutually exclusive, each 
consisting of those patients for whom the method was used on the first intubation 
attempt. 
                    
  
   
Patients *   
  
   
<10Kg 
 
10-30Kg 
 
>30Kg   
  Direct Laryngoscopy       
  
   
Sample size 
 
171 
 
105 
 
112   
   
Successes 
 
50 
 
28 
 
24   
  
 
Success Rate 
 
29.2% 
 
26.7% 
 
21.4%   
  GlideScope 
      
  
  
 
Sample size 
 
42 
 
61 
 
48   
   
Successes 
 
30 
 
55 
 
42   
   
Success Rate 
 
71.4% 
 
90.2% 
 
87.5%   
  
        
  
  
   
Attempts **   
  
   
<10Kg 
 
10-30Kg 
 
>30Kg   
  Direct Laryngoscopy 
 
       
   
Sample size 
 
437 
 
224 
 
240   
   
Successes 
 
50 
 
28 
 
24   
   
Success Rate 
 
11.4% 
 
12.5% 
 
10.0%   
  GlideScope 
 
       
   
Sample size 
 
237 
 
198 
 
165   
   
Successes 
 
87 
 
109 
 
97   
   
Success Rate 
 
36.7% 
 
55.1% 
 
58.8%   
  
        
  
  * Includes patients in whom device was used as the primary intubation method,   
  
 
except for one GS patient for whom weight was not reported   
  ** Excludes 2 DL attempts for which weight was not reported. 
  
  
                    
 
In contrast, overall intubation success rates did vary by weight for GlideScope® patients, 
where a lower success rate was seen in patients in the lowest weight group.  The overall 
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success rate for this under 10Kg group was 71% (30 successes / 42 patients).  It rose to 
90% (55 successes / 61 patients) for patients weighing 10-30 Kg and 88% (42 successes / 
48 patients) for patients weighing over 30 Kg.  The increase in overall success rate 
between the under 10Kg group and each of the other weight categories was statistically 
significant (RR: 3.09, 2.43-3.94, p<0.0001).  However, the success rate between the two 
higher weight categories was statistically insignificant.  
We found a similar pattern with respect to the relationship between patient weight and 
overall success rates measured by GlideScope® intubation attempts.  The per-attempt 
success rate for patients weighing under 10Kg was 37% (87 successes/237 patients), 
compared to 55% (109 successes/198 attempts) in patients weighing 10-30 Kg, and 59% 
(97 Successes/165 attempts) in those over 30 Kg.  Again, the difference between the 
lightest weight category and the two other categories was statistically significant (RR: 
4.96, 3.76-6.54, p<0.0001); and the difference between the two heavier weight categories 
was insignificant. 
Given that overall success rates, whether measured on a per-patient or per-attempt basis, 
did not differ between the 10-30Kg group and the >30Kg group for either the direct 
laryngoscopy or GlideScope® populations, we combined observations from the two 
weight groups into a 10Kg+ category before comparing success rates between the two 
intubation methods.     
As shown in Table 11, when measured in terms of patient observations, the GlideScope® 
was successful twice as often as direct laryngoscopy in the under 10Kg group (RR: 2.42, 
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1.85-3.17, p<0.0001), but nearly four times as often in the rest of our patient population 
(RR: 3.65, 2.86-4.67, p<0.0001).  When measured in terms of intubation attempts, the 
GlideScope® was successful three times as often as direct laryngoscopy in the under 
10Kg group (RR: 3.21, 2.68-3.83, p<0.0001), but five times as often in the rest of our 
patient population (RR: 5.06, 4.26-6.01, p<0.0001). 
Table 11. Overall Intubation Success Rates by Patient Weight, Two Categories 
The 10Kg+ weight group was used to combine the 10-30Kg and 30Kg+ weight groups shown 
above in Table 10, since their results were not statistically distinguishable. Direct 
Laryngoscopy and GlideScope® groups are mutually exclusive, each consisting of those 
patients for whom the method was used on the first intubation attempt.  Success Rate Ratio 
equals the ratio of the GlideScope® Success Rate to the Direct Laryngoscopy Success Rate.    
        Patients *   Attempts **   
  
   
<10Kg 
 
10Kg+ 
 
<10Kg 
 
10Kg+   
  Direct Laryngoscopy 
        
  
  
 
Sample size 
 
171 
 
217 
 
437 
 
464   
  
 
Successes 
 
50 
 
52 
 
50 
 
52   
  
 
Success Rate 
 
29.2% 
 
24.0% 
 
11.4% 
 
11.2%   
  GlideScope® 
    
 
   
  
   
Sample size 
 
42 
 
109 
 
237 
 
363   
  
 
Successes 
 
30 
 
97 
 
87 
 
206   
  
 
Success Rate 
 
71.4% 
 
89.0% 
 
36.7% 
 
56.7%   
  
          
  
  Success Rate Ratio, GS/DL 
 
2.4 
 
3.7 
 
3.2 
 
5.1   
  
          
  
     *  Includes patients in whom device was used as the primary intubation method,   
   except one GS patient for whom weight was not reported. 
    
  
     ** Excludes 2 DL attempts for which weight was not reported.   
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3. Muscle Relaxants and Overall Success Rates 
As shown in Table 12, the use of muscle relaxants did not have an impact on overall 
success rates for either direct laryngoscopy or GlideScope® use.  
Table 12.  Impact of Muscle Relaxants on Overall Success Rates 
Yes (No) indicates the presence (absence) of muscle relaxant drugs during 
intubation attempts.  Direct Laryngoscopy and GlideScope® groups are mutually 
exclusive, each consisting of those patients for whom the method was used on 
the first intubation attempt. 
                        
  
   
Patients 
 
Attempts   
  
   
Yes 
 
No 
 
Yes 
 
No   
  Direct Laryngoscopy 
        
  
  
 
Sample size 
 
174 
 
214 
 
504 
 
399   
  
 
Successes 
 
41 
 
54 
 
58 
 
45   
  
 
Success Rate 
 
23.6% 
 
25.2% 
 
11.5% 
 
11.3%   
  GlideScope® 
        
  
  
 
Sample size 
 
85 
 
67 
 
339 
 
261   
 
 
 
Successes 
 
71 
 
56 
 
167 
 
126   
  
 
Success Rate 
 
83.5% 
 
83.6% 
 
49.3% 
 
48.3%   
                        
 
B) First Pass Success Rates 
Table 13 shows first-pass intubation success rates in our study sample, where a first pass 
is defined as the first time a given device was used on a patient.  As indicated, of the 410 
patients for whom intubation was attempted using direct laryngoscopy, only 13, or 3%, 
were successfully intubated on the first pass. In contrast, first-pass intubation attempts 
with the GlideScope® were successful 50% of the time (188/377).  While this first-pass 
success rate greatly exceeded that for direct laryngoscopy, it fell well below the 92% 
first-pass success rate documented with the GlideScope® in adults (4,104).  
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Table 13.  First-Pass Intubation Success Rates 
Results are for the first time a given method is used. 
Success Rate Ratio is the ratio of the GlideScope® 
Success Rate to the Direct Laryngoscopy Success Rate.    
          
  Direct Laryngoscopy (DL) 
 
  
  
 
Sample size 410   
  
 
Successes 13   
  
 
Success Rate 3.2%   
  GlideScope® (GS) 
 
  
  
 
Sample size 377   
  
 
Successes 188   
  
 
Success Rate 49.9%   
  
   
  
  Success Rate Ratio, GS/DL 15.7   
          
 
1. Glottic View and First-Pass Success Rates 
Table 14 shows the relationship between glottic view and first-pass success rates.  As in 
the overall sample, it was not possible to draw conclusions for direct laryngoscopy about 
the association between good glottic view and successful first-pass intubation.  Of the 
378 DL patients for which view data was recorded, only 7 achieved a Cormack-Lehane 
view of IIa or better.  However, our sample did support conclusions for first-pass 
attempts using the GlideScope®.  Of the 351 GS patients for which a view was reported, 
242, or 69% recorded a grade IIa or better view.  The first-pass success rate for patients 
with this better glottic view was 64%, versus 18% for patients in whom such a view was 
not available (RR 3.49, 2.32-5.24, p<0.0001).    
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Table 14.  First-Pass Intubation Success Rates by Laryngoscopic View 
Direct Laryngoscopy and GlideScope® groups are mutually exclusive, each 
consisting of those patients for whom the method was used on the first 
intubation attempt.  Results shown are for that initial attempt.  Good View is 
defined as a Cormack-Lehane score of I or IIa; and Poor View as a score of 
IIb, III, or IV (see Appendix A). 
              
  
  
Good View * 
 
Poor View *   
  Direct Laryngoscopy 
   
  
  
 
Sample size 7 
 
371   
  
 
Successes 2 
 
11   
  
 
Success Rate 28.6% 
 
3.0%   
  GlideScope® 
   
  
  
 
Sample size 242 
 
109   
  
 
Successes 155 
 
20   
  
 
Success Rate 64.0% 
 
18.3%   
  
     
  
  * Excludes 32 DL and 26 GS patients for whom view was not reported.   
              
 
Interestingly, entries in our dataset indicated that providers had difficulty manipulating 
the tracheal tube using a video screen in 51% of all patients for whom GlideScope® 
attempts were unsuccessful, and in 74% of patients for whom GlideScope® attempts 
were unsuccessful despite a favorable airway grade.  As a point of comparison, this 
difficulty was observed in only 20.3% of patients for whom direct laryngoscopy was 
unsuccessful (RR: 0.40, 0.31-0.51, p<.0001; and RR: 0.27, 0.23-0.32, p<0.0001).  This 
raises the possibility that aspects of pediatric airway anatomy that make it difficult to 
manipulate the tracheal tube may contribute to the disparity in GlideScope® success rates 
between adults and children.  
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2. Patient Weight and First-Pass Success Rates 
Table 15 shows the association between weight and first-pass success rates for both direct 
laryngoscopy and the GlideScope®, again combining observations from the two upper 
weight groups into a 10 Kg+ category.  The resulting relative success rates for the two 
methods indicate that the GlideScope® was roughly 15 times more successful on the 
first-pass than was direct laryngoscopy.  
Table 15. First-Pass Intubation Success Rates by Weight 
Direct Laryngoscopy and GlideScope® groups are mutually exclusive, 
each consisting of those patients for whom the method was used on 
the first intubation attempt.  Results shown are for that initial attempt. 
Success Rate Ratio is the ratio of the GlideScope® Success Rate to 
the Direct Laryngoscopy Success Rate.    
                
  
   
<10Kg 
 
10Kg+   
  Direct Laryngoscopy (DL) 
    
  
  
 
Sample size 
 
184 
 
226   
  
 
Successes 
 
4 
 
9   
  
 
Success Rate 
 
2.2% 
 
4.0%   
  GlideScope® (GS) 
    
  
  
 
Sample size 
 
132 
 
245   
  
 
Successes 
 
45 
 
143   
  
 
Success Rate 
 
34.1% 
 
58.4%   
  
      
  
  Success Rate Ratio, GS/DL 
 
15.7 
 
14.7   
  
      
  
  * Excludes one DL patient for whom weight was not reported.   
                
 
C) Rescue Success Rates 
Table 16 shows results for rescue success rates, a rescue being defined here as the use of 
a specific device for the first time, but following the failure of a different intubation 
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technique.  Because direct laryngoscopy is more commonly used as a primary intubation 
method than as a rescue technique, our DL rescue sample included only 24 patients, 
limiting the  conclusions that could be drawn from it.  However, the GlideScope® rescue 
sample included 224 patients. Since rescue attempts on 163 of them were successful, the 
per-patient success rate was 73%.  This was more than twice the per-patient success rate 
in the small sample of direct laryngoscopy rescues (RR: 2.18, 1.23-3.87, p<0.007).  To 
achieve these 163 successful GlideScope® rescue intubations, a total of 353 intubation 
attempts were made, yielding a per-attempt success rate of 46%.  This was over two 
times the 21% per-attempt success rate in the direct laryngoscopy sample (RR: 2.19, 
1.39-3.45, p<0.02).  However, as anticipated given the overall and first-pass success rates 
discussed above, the GlideScope® rescue success rate in our study fell below the 94% 
rescue rate previously seen in adult patients (4).   
Table 16.  Rescue Intubation Success Rates 
Results shown are for the first time(s) a device is employed 
following failure of a different intubation method.  Success Rate 
Ratio is the ratio of the GlideScope® Success Rate to the Direct 
Laryngoscopy Success Rate.    
            
  
  
Patients Attempts   
  Direct Laryngoscopy (DL) 
  
  
  
 
Sample size 24 38   
  
 
Successes 8 8   
  
 
Success Rate 33.3% 21.1%   
  GlideScope® (GS) 
  
  
  
 
Sample size 224 353   
  
 
Successes 163 163   
  
 
Success Rate 72.8% 46.2%   
  
    
  
  Success Rate Ratio, GS/DL 2.2 2.2   
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1. Glottic View and Rescue Success Rates  
Given that so few direct laryngoscopy patients had a good glottic view combined with the 
very small DL rescue sample, it was not possible to draw conclusions about the impact of 
glottic view quality on direct laryngoscopy as a rescue method.  However, as shown in 
Table 17, the data did allow us to examine the association between glottic view and the 
GlideScope® as a rescue device.  
Table 17.   Rescue Intubation Success Rates by Laryngoscopic View 
Results shown are for the first time(s) a device is employed following failure of a different 
intubation method.  Good View is defined as a Cormack-Lehane score of I or IIa; and Poor 
View as a score of IIb, III, or IV (see Appendix A). 
                      
  
  
Patients, by View * 
 
Attempts, by View   
  
  
Good 
 
Poor 
 
Good 
 
Poor   
  GlideScope® 
       
  
  
 
Sample size 159 
 
61 
 
206 
 
113   
  
 
Successes 121 
 
25 
 
121 
 
25   
  
 
Success Rate 76.1% 
 
41.0% 
 
58.7% 
 
22.1%   
  
         
  
  * Excludes 4 patients for whom view was not reported. 
    
  
                      
 
When a Cormack-Lehane grade IIa or better view was obtained, the GlideScope® per-
patient rescue success rate was 76% (121 successes / 159 patients) as opposed to 41.0% 
when such a view was not available (RR: 1.85, 1.36-2.54, p<0.0001).  Also when a 
Cormack-Lehane grade IIa or better view was obtained, the GlideScope® per-attempt 
rescue success rate was 59% (121 successes / 206 attempts) as opposed to 22% when 
such a view was not available (RR: 2.65, 2.10-3.35, p<0.0001).   
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2. Patient Weight and Rescue Success Rates 
As was the case for overall and first-pass success rates, the GlideScope® rescue success 
rate varied with patient weight, increasing from 60% in the under 10Kg to 81% in the 10 
Kg+ group (RR: 1.34, 1.11-1.61, p<0.002). Still, the success rate in the heavier weight 
category fell below the documented 94% per-patient rescue success rate with the 
GlideScope® in adult difficult airway patients (4).  The GS per-attempt rescue success 
rates increased from 34% in the <10Kg group to 56% in the 10Kg+ group (RR: 1.64, 
1.43-1.90, p<0.0001).  The sample of DL rescue observations was relatively small, but 
again suggested that DL rescue success does not vary by patient weight.  
Table 18.  Rescue Intubation Success Rates by Patient Weight 
Results shown are for the first time(s) a device is employed following failure of a different 
intubation method.  Success Rate Ratio is the ratio of the GlideScope® Success Rate to the 
Direct Laryngoscopy Success Rate.    
                        
  
   
Patients 
 
Attempts   
  
   
<10Kg 
 
10Kg+ 
 
<10Kg 
 
10Kg+   
  Direct Laryngoscopy (DL) 
        
  
  
 
Sample size 
 
15 
 
9 
 
25 
 
13   
  
 
Successes 
 
5 
 
3 
 
5 
 
3   
  
 
Success Rate 
 
33.3% 
 
33.3% 
 
20.0% 
 
23.1%   
  GlideScope® (GS) 
        
  
  
 
Sample size 
 
91 
 
133 
 
161 
 
192   
  
 
Successes 
 
55 
 
108 
 
55 
 
108   
  
 
Success Rate 
 
60.4% 
 
81.2% 
 
34.2% 
 
56.3%   
  
          
  
  Success Rate Ratio, GS/DL 
 
1.8 
 
2.4 
 
1.7 
 
2.4   
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D) Device Utilization and Patient Complications 
Complications reported in the PeDI Registry for patients in our study sample ranged in 
severity from minor airway trauma to death.   As shown in Table 19, roughly three-
fourths of patients reported no complications, while the remaining one-fourth 
experienced one or more.   
Table 19. Complications Reported in Current Study Sample 
Complications as reported in the PeDI Registry for patients in whom Direct Laryngoscopy (DL) 
or GlideScope® (GS) was used for at least one intubation attempt.  DL and GS groups are not 
mutually exclusive; and roughly one-third of patients shown are included in both categories. 
                  
  
  
No. of Patients 
 
Incidence   
  
  
DL GS 
 
DL GS   
  
       
  
  No Complications Reported 
 
298 289 
 
72.7% 76.7%   
  
       
  
  Minor Airway Trauma 
 
24 24 
 
5.9% 6.4%   
  Severe Airway Trauma 
 
5 8 
 
1.2% 2.1%   
  Arrhythmia 
 
2 1 
 
0.5% 0.3%   
  Aspiration 
 
1 1 
 
0.2% 0.3%   
  Bronchospasm 
 
6 5 
 
1.5% 1.3%   
  Cardiac Arrest 
 
11 10 
 
2.7% 2.7%   
  Death 
 
4 2 
 
1.0% 0.5%   
  Epistaxis 
 
3 2 
 
0.7% 0.5%   
  
Esophageal Intubation immediately 
recognized 
 
26 15 
 
6.3% 4.0%   
  Esophageal Intubation delayed recognition 
 
0 0 
 
0.0% 0.0%   
  Hypoxia (Saturation < 90% for over 45sec) 
 
52 39 
 
12.7% 10.3%   
  Laryngospasm 
 
13 11 
 
3.2% 2.9%   
  Pharyngeal Bleeding 
 
5 6 
 
1.2% 1.6%   
  Pneumothorax 
 
0 0 
 
0.0% 0.0%   
  Vomiting 
 
0 0 
 
0.0% 0.0%   
  Other 
 
11 11 
 
2.7% 2.9%   
  
  
410 377 
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Some complications, such as hypoxia and minor airway trauma, occurred with sufficient 
frequency to allow statistical analysis.  However, some serious complications, such as 
aspiration and severe airway trauma, were reported in insufficient numbers to support 
statistical analysis. 
One comparison we made was to examine complications in patients successfully 
intubated with a given method versus those for whom the method was unsuccessful. We 
found that patients for whom the GlideScope® proved unsuccessful had higher rates of 
several complications than did those who were successfully intubated with the 
GlideScope®.  For example, when the GlideScope® was used successfully, nearly 8% of 
patients suffered from an episode of hypoxemia.  This rose to 19% among those for 
whom the GlideScope® failed, a statistically significant difference (RR: 2.43, 1.34-4.38, 
p<0.004).  There was also a statistically significant increase in minor airway trauma (RR: 
5.81, 2.64-12.81, p<0.0001) and in the overall rate of complications (RR: 2.09, 1.46-2.99, 
p<0.0001).  Similar differences did not exist between patients with successful and 
unsuccessful use of direct laryngoscopy.  In fact, none of the complications documented 
in the PeDI registry, nor the overall complication rate, showed a statistically significant 
difference between the two DL groups.   
To assess whether the incidence of complications differs between direct laryngoscopy 
and the GlideScope®, we turned to an “exclusive” sample for each, that is, the sample of 
patients for whom that device was the only intubation method used.  For many of the 
individual complications listed in the PeDI Registry, this led to sample sizes that were too 
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small to support any inferences.  However, as shown in Table 20, the data did support 
two conclusions about GlideScope® patients versus direct laryngoscopy patients.  The 
GlideScope® had both a reduced overall complication rate (RR: 0.37, 0.21-0.66, 
p<0.0008) and a reduced incidence of hypoxemia (RR: 0.38, 0.15-0.98, p<0.05) versus 
direct laryngoscopy.   
Table 20.   Complication Incidence When Intubation Method Was Sole Technique 
Complications as reported in the PeDI Registry for patients in whom Direct Laryngoscopy 
(DL) or the GlideScope® (GS) was the sole intubation method employed.  DL and GS groups 
are mutually exclusive. 
                  
  
  
No. of Patients, 
 
Complication   
  
  
by Method 
 
Incidence   
  
  
DL GS 
 
DL GS   
  
       
  
  One or More Complications Reported   29 14   29.6% 10.9%   
  
       
  
  Minor Airway Trauma 
 
5 2 
 
5.1% 1.6%   
  Severe Airway Trauma 
 
0 2 
 
0.0% 1.6%   
  Arrhythmia 
 
0 0 
 
0.0% 0.0%   
  Aspiration 
 
0 0 
 
0.0% 0.0%   
  Bronchospasm 
 
0 0 
 
0.0% 0.0%   
  Cardiac Arrest 
 
1 1 
 
1.0% 0.8%   
  Death 
 
1 0 
 
1.0% 0.0%   
  Epistaxis 
 
0 1 
 
0.0% 0.8%   
  
Esophageal Intubation immediately 
recognized 
 
6 0 
 
6.1% 0.0%   
  
Esophageal Intubation delayed 
recognition 
 
0 0 
 
0.0% 0.0%   
  Hypoxemia   12 6   12.2% 4.7%   
  Laryngospasm 
 
4 2 
 
4.1% 1.6%   
  Pharyngeal Bleeding 
 
0 1 
 
0.0% 0.8%   
  Pneumothorax 
 
0 0 
 
0.0% 0.0%   
  Vomiting 
 
0 0 
 
0.0% 0.0%   
  Other 
 
5 4 
 
5.1% 3.1%   
  
  
98 128 
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V. DISCUSSION 
Our results indicate that the GlideScope® produced superior intubation success rates to 
direct laryngoscopy in all situations.  We believe that more strategic employment of the 
GlideScope® during difficult airway situations might improve patient outcomes. 
However, almost all measures of GS intubation success fell below their adult equivalents 
and a considerable failure rate existed among almost all patient groups.  Possible 
explanations for these findings exist in our data, which suggest ways in which 
GlideScope® performance might be enhanced.    
A) Pediatric versus Adult GlideScope® Success Rates  
Pediatric success rates with the GlideScope® universally fell below those seen in adults.  
The first pass and overall success rates we observed with the GlideScope® suggest that 
approximately 50% of pediatric difficult airway patients successfully intubated will 
require multiple attempts with the device, a finding that was consistent across patient 
weight groups.  We also found that 16% of patients whose first intubation attempt was 
with a GlideScope® could not be intubated using that device.  Neither of these findings 
was present in adults.    
B) GlideScope® Versus Direct Laryngoscopy Success Rates 
We found the GlideScope® to be superior to direct laryngoscopy in overall performance 
and first pass success rates.  Direct laryngoscopy was frequently used as a primary airway 
management technique, so very few instances of its use in a rescue capacity existed 
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within our data.  While the per-attempt success rate with direct laryngoscopy in rescue 
situations was not statistically different from the per-attempt success rate with the 
GlideScope®, a larger sample might demonstrate a statistically significant difference 
between the two.   
In the general population, good Cormack-Lehane airway grades normally predict 
successful intubation during direct laryngoscopy (105,106).  This was not true among our 
patients receiving GlideScope® intubation attempts.  When GlideScope® use resulted in 
a Cormack-Lehane grade IIa or better view, all our measures of intubation success 
increased; but they still fell far short of adult difficult airway intubation success rates. 
This discrepancy versus adult results is consistent with the hypothesis that difficulties 
with tracheal tube manipulation combined with pediatric anatomical differences may be 
responsible for a number of the GlideScope® intubation failures we observed.   
GlideScope® performance was reduced among patients weighing less than 10Kg.  Only 
one third of these patients were intubated on the first attempt, and the device failed in 
another one-third of patients.  Difficulty in tracheal tube manipulation may also explain 
this finding.  This problem occurred in 39.4% (52/132) of these patients, versus 28.2% 
(69/245) of comparable patients over 10 Kg (RR: 1.40, 1.05-1.87, p<0.02).  Interestingly, 
intubation success rates with direct laryngoscopy did not appear to be affected by patient 
weight.   
Where the GlideScope® and direct laryngoscopy failed in our study sample, they may 
have done so for different reasons.  As mentioned above, difficulty directing the tracheal 
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tube was a common problem in patients for whom GlideScope® attempts were 
unsuccessful. Interestingly, three-fifths (158/263) of those unsuccessful GS attempts 
failed despite a grade IIa view.   Such a favorable view was available in only 2.5% 
(21/827) of direct laryngoscopy attempts.  It is therefore possible that DL intubation 
attempts failed predominantly because they failed to achieve the necessary glottis 
visualization while GlideScope® intubation attempts failed because of difficulties 
manipulating the tracheal tube.   
C) Complications 
When the GlideScope® was the sole intubation method used, the rates of both overall 
complications and hypoxemia were less than 40% of those seen in patients for whom 
direct laryngoscopy was the sole intubation method.  We believe that this difference may 
be largely due to the greater number of intubation attempts associated with direct 
laryngoscopy.  First, the total number of intubation attempts in our study was correlated 
with the overall incidence of complications (R=0.836), the occurrence of hypoxemia 
(R=0.961), and minor airway trauma (R=0.712).  Second, those receiving intubation 
attempts with only the GlideScope® underwent a median 1 intubation attempt (IQR 1) 
while patients undergoing only direct laryngoscopy had a median of 3 attempts (IQR 
1.5).  On a related note, the higher rates of minor airway trauma observed in patients who 
could not be intubated with the GlideScope® may have occurred because they had 
received multiple attempts with direct laryngoscopy before undergoing GlideScope® 
attempts.     
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D) Conclusions  
Based on our findings, we believe that early use of the GlideScope® in pediatric difficult 
airways will generally benefit patients. Over half of GlideScope® intubation attempts in 
our study occurred in a “rescue” situation where previous intubation attempts with a 
different device had already failed.  These patients received a median of 4 total intubation 
attempts (IQR 2), and 87% had undergone an initial attempt with direct laryngoscopy.  In 
76% (171/224) of these cases difficult intubation was anticipated.  Given the higher first-
pass success rate and higher overall success rate we observe with the GlideScope® in 
comparison to direct laryngoscopy, using the GlideScope® as a primary method in 
patients with anticipated difficult airways could reduce sequela associated with their 
management.  Likewise, immediately switching to the GlideScope® when an 
unanticipated difficult airway occurs could help limit complications.   
The results reported here suggest several topics for future research.  First, our analysis of 
complication rates was limited by the contours of the dataset currently available.    While 
we  identified statistically significantly lower rates of overall complications and 
hypoxemia with the GlideScope®  than with direct laryngoscopy, assessment of other 
complications requires further study.  For example, while several patients in our study 
suffered episodes of aspiration, the incidence of this complication was too small to 
support statistical comparisons.  Data collection in the PeDI registry is ongoing; and a 
larger sample of patients in the future may make it possible to perform a more detailed 
complication rate analysis.   
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Second, we believe further study of tracheal tube manipulation difficulty is warranted 
given our findings regarding the incidence of such difficulty and GlideScope® failure.  
Existing studies suggest potential solutions to the problem that could be tested in 
pediatric patients.  For example, a 2012 study in adults suggested that using a rigid 
tracheal tube stylet increases GlideScope® intubation success rates (107).  Using such a 
stylet might have a positive impact on pediatric success rates.  Alternatively, perhaps a 
gum elastic bougie could be used to help with endotracheal tube placement.  Such 
devices have yielded good results in adult difficult airway situations during direct 
laryngoscopy and might be useful adjuncts during GlideScope® use in pediatrics 
(108,109).   
Finally, further study is needed to assess whether our results with GlideScope® devices 
apply to other types of video laryngoscopes.  For example, the TruView® and STORZ® 
devices share a similar concept and configuration with the GlideScope®, requiring nearly 
identical psychomotor skills.  All three devices have been shown to provide improved 
glottic views and intubation success rates versus direct laryngoscopy in adults (88,110,111).  
Nevertheless, their blade sizes and shapes differ, which may have implications for the 
ease of tracheal tube manipulation during intubation attempts.  Further study regarding 
not only these videoscopes, but also the McGrath® device will be needed.   
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APPENDIX A: CORMACK-LEHANE AIRWAY CLASSIFICATION SYSTEM*  
 
*Illustrations from Cormack and Lehane (112) 
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APPENDIX B: THE ASA PHYSICAL STATUS CLASSIFICATION SYSTEM
*
 
ASA Physical Status 1 Normal healthy patient 
ASA Physical Status 2 Patient with mild systemic disease 
ASA Physical Status 3 Patient with severe systemic disease 
ASA Physical Status 4 Patient with severe systemic disease that is a threat to life 
ASA Physical Status 5 Moribund patient not expected to survive without the 
operation   
ASA Physical Status 6 Declared brain-dead patient whose organs are being 
removed for donor purposes   
 
 
*From the American Society of Anesthesiologists (113)  
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